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1
TOUCH SENSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is related to U.S. provisional appli-
cations, Ser. No. 61/218,668, filed Jun. 19, 2009; and Ser. No.
61/115,191, filed Nov. 17, 2008, which are hereby incorpo-
rated herein by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates generally to touch sensors or
touch screens.

BACKGROUND OF THE INVENTION

Various touch screens or sensors are known. Examples of
known touch sensors or touch screens and coatings imple-
mented on such touch sensors or touch screens are described
inU.S. Pat. Nos. 6,488,981 6,549,193, 6,727,895; and 6,842,
171, which are hereby incorporated herein by reference in
their entireties.

SUMMARY OF THE INVENTION

The present invention provides a touch sensor or touch
screen that includes a substrate coated with a conductive
coating that is established at the surface of the substrate in a
pattern of discrete pads and traces. The conductive pads are
established to generally correspond with buttons displayed by
adisplay device or element or screen at the touch sensor, such
as behind the coated substrate so that the buttons displayed by
the display device are viewed through the substrate and trans-
parent conductive pads. The touch sensor may provide a
scrolling function by determining a direction of movement of
a finger across a single discrete pad (such as a large pad
established at the substrate) or by determining a direction of
movement of a finger along a series of pads (such as
M-shaped pads or other suitable shaped pads) arranged or
disposed along the substrate.

According to an aspect of the present invention, a touch
sensor includes a substrate having a first surface and a second
surface opposite the first surface, and a transparent conduc-
tive layer disposed on the second surface of the substrate. The
transparent conductive layer is disposed in a pattern so that
the transparent conductive layer comprises a plurality of dis-
crete conductive pads, with the pads being conductively con-
nected to at least one connecting region of the substrate via
respective conductive traces. The pads are associated with
respective buttons of a display device disposed at the sub-
strate, such that the user touches or approaches the substrate
and pads at selected areas in response to the displayed buttons
as viewed by the user through the pads and substrate.

According to another aspect of the present invention, a
method of manufacturing a touch sensor includes providing a
substrate having a first surface and a second surface opposite
the first surface, and disposing a transparent conductive layer
onthe second surface of the substrate, wherein the transparent
conductive layer is disposed in a pattern so that the transpar-
ent conductive layer comprises a plurality of discrete conduc-
tive pads. The conductive pads are conductively connected to
respective connecting regions of the substrate via respective
conductive traces. A display device is disposed at the sub-
strate, wherein the pads are associated with respective buttons
of'the display device, such that the user touches or approaches
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the substrate and pads at selected areas in response to the
displayed buttons as viewed by the user through the pads and
substrate.

These and other objects, advantages, purposes and features
of the present invention will become more apparent upon
review of the following specification in conjunction with the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a touch sensor in accordance with
the present invention, shown with discrete ITO pads and a
large ITO pad or button for a scrolling function;

FIG. 2 is a plan view of another touch sensor in accordance
with the present invention, shown with discrete ITO pads with
an “M” pattern for a scrolling function;

FIG. 3 is a sectional view of a portion of a touch sensor in
accordance with the present invention;

FIG. 4 is a sectional view of a portion of another touch
sensor in accordance with the present invention;

FIG. 5 is a sectional view of a portion of another touch
sensor in accordance with the present invention;

FIG. 6 is a sectional view of a portion of the touch sensor of
FIG. 5, shown as mounted at a display screen and frame; and

FIG. 7 is a sectional view of another touch sensor in accor-
dance with the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings and the illustrative embodi-
ments depicted therein, a touch sensor 10 in accordance with
the present invention is shown in FIG. 1. In the illustrated
embodiment, touch sensor 10 includes a rigid or flexible
substrate 12 (such as a glass plastic or polymeric substrate or
the like) with a transparent conductive layer 14 (such as a
coating or layer of TCO or indium tin oxide (ITO) or the like)
disposed in a selected pattern on a surface thereof. The trans-
parent conductive pattern is established as discrete pads or
conductive portions that correspond with displayed buttons or
indicia displayed by a display device or screen 15 (FIGS. 3
and 4) that is disposed behind the substrate such that the
displayed buttons or indicia are viewed by a person using the
touch sensor through the substrate and through the transpar-
ent conductive layer, as discussed below. Optionally, for
example, the transparent conductive pattern may be estab-
lished at a rear surface of the substrate and the touch sensor
may sense or detect the presence or touch or proximity of a
user’s finger (or other object or stylus or the like) at or near or
proximate to the front or opposite surface of the substrate
(such as by utilizing aspects of projected capacitive sensor
technology that is sufficiently sensitive to sense the presence
or proximity of an object through the thickness of the sub-
strate, such as a glass substrate or the like) and at or near
regions of the front surface that correspond to selected ones of
the discrete pads, whereby the sensor or system, responsive to
such a detection, may actuate or control the circuitry or device
or display function that corresponds with the selected dis-
played button or icon or indicia or file or photo image or the
like.

Intheillustrated embodiment, the ITO layer 14 is disposed
or established as a plurality of discrete pads 14a (such as via
masking during deposition of the ITO layer or via etching or
removing portions ofthe ITO layer after the layer is deposited
or established at the surface of the substrate), with the pads
14a having respective discrete conductive traces 145 estab-
lished to electrically or conductively connect the pads with



US 9,213,450 B2

3

respective connection points or locations 14¢ at or near a
perimeter region of the substrate for connecting a flexible
printed circuit or cable or lead 16 (FIG. 3) or the like, as
discussed below. The discrete pads 14a may be established at
the substrate 12 so as to match up with or generally align with
or overlay or encompass buttons or switches or icons or the
like displayed on the display element or display screen 15
(such as a backlit liquid crystal display element or device or
module or the like), which is disposed behind the substrate.
Thus, a person may touch the substrate at selected locations
corresponding to buttons or the like displayed by the display
device and viewed by the user through the substrate and
transparent conductive pads.

Optionally, the touch sensor may be manufactured or cre-

ated and/or defined by the following characteristics:

1. Discrete pads of ITO that match up with predefined
buttons displayed on the backing Liquid Crystal Display
(LCD) or other suitable display device or screen or mod-
ule 15. These buttons can be located either on the front or
the back surface of the glass. If the buttons are located on
the front surface of the glass they may or may not be
covered with a protective overcoat (such as a SiO, over-
coat or the like).

a. Optionally, the buttons may be configured in different
ways:

i. A first configuration may provide or establish one
discrete pad 14a per button as displayed on the
backing LCD (FIG. 1). The size of the discrete pad
generally matches up with the size of the displayed
button.

ii. A second configuration (such as shown at touch
sensor 10' of FIG. 2) has a “M” pattern 144" (or
other suitable pattern) so that multiple M-shaped
ITO pads overlay or encompass one button as dis-
played on the backing LCD. For example, a strip of
M-shaped pads arranged adjacent to one another
along the substrate may generally encompass or
overlay a plurality of buttons displayed along the
portion of the substrate at which the pads are estab-
lished.

iii. Optionally, both of the above configurations can be
used on the same touch sensor. For example, and as
shown in the illustrated embodiment of FIG. 2, the
touch screen 10' includes discrete pads 14a' that
correspond to respective buttons and the M pattern
pad or pads 144" for providing a scrolling function.

2. The pads 14a, 14a' may be routed (or conductively
connected) via respective 1TO traces 145, 145" to a
respective connection point or points 14¢, 14¢' along the
perimeter region or edge of the substrate 12, 12' of the
touch sensor 10, 10'.

3. At the connection points, flexible printed circuits (FPC)
16 (FIG. 3) or other suitable electrical connectors or
wires or leads may be directly bonded to the ITO using
an Anisotropic conductive film (ACF) or other suitable
bonding material.

4. The FPC 16 may be connected to a projected capacitive
controller to give functionality to the touch sensor or
screen.

5. Optionally, the touch sensor can either be configured to
be used in a bezeled application or a flush mount appli-
cation, depending on the particular application of the
touch sensor or screen. For example, a touch sensor may
be configured as a flush mount touch sensor, such as for
a flush mount application that utilizes aspects of the
sensors described in PCT Application No. PCT/US08/
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071034, filed Jul. 24, 2008, which is hereby incorpo-

rated herein by reference in its entirety.

6. Functionality of the touch sensor may optionally include
or provide one or more of the following functions:

a. Touch activated functionality—In such an applica-
tion, when the touch sensor is first touched, anywhere
on the sensor or screen, menu buttons may appear
giving the users options for the functionality of the
touch sensor.

b. Touch activated buttons—In such an application, the
ITO discrete pads may work specifically with respec-
tive predefined buttons that control the functionality
of the touch sensor or display element (LCD).

c. Scrolling feature—In such an application, a scrolling
feature may be accomplished using either a single
ITO pad or multiple ITO pads, such as described
above.

Optionally, the touch sensor or touch screen may be manu-
factured by different methods, depending on the particular
application and desired touch sensor functionality. For
example, the following are two different exemplary methods
that may be implemented to create a desired or appropriate or
suitable patterned ITO sheet or layer on a substrate:

Optionally, the discrete pads may be manufactured by lay-
ing down or establishing or depositing a continuous
sheet or layer of ITO (or other suitable transparent con-
ductive layer or coating) on the substrate and establish-
ing the discrete pads and traces by removing portions of
the established sheet or layer, such as by laser deleting
the ITO layer or acid etching off the ITO layer at the
substrate to establish the desired or appropriate ITO
pattern on the substrate.

Optionally, the discrete pads may be manufactured or
established using a masking or lift off method. This may
be accomplished by applying a masking material at the
substrate and then laying down or establishing or depos-
iting a continuous sheet of ITO at or over the masked
substrate surface. After the ITO and the mask material
are cured together, the mask material is washed off leav-
ing a pattern sheet or layer or coating of ITO with the
desired or appropriate ITO pattern or conductive pattern
(such as, for example, a plurality of discrete pads and
traces and connecting pads or points) on the substrate.

Optionally, for example, the discrete pads as describe
above may provide functionality to the screen by either the
following methods:

Ifthe discrete pads are configured as shown in FIG. 1, each
pad corresponds to a button as displayed by the LCD.
When that particular discrete pad is touched, the con-
troller senses a current draw from that particular pad.
When current is sensed from that pad, the controller
relays it back to the computer or processor to activate
that particular button or switch. For this type of configu-
ration, each pad controls one particular button or switch.

If the discrete pads are configured as shown in FIG. 2,
multiple pads may overlap the same button. If this is the
case, the controller interpolates the current draw from
multiple pads to calculate the location of the touch and,
responsive to such calculation or determination, relays
the touch command back to the computer or processor to
activate the appropriate button as displayed on the LCD.

Optionally, the scrolling feature as described above can be
achieved using any suitable method, such as, for example, one
or more of the following methods:

The first exemplary method may use basic surface capaci-

tive technology. In the illustrated embodiment of FIG. 1,

the large ITO button or pad 144 has ITO traces 14e
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coming off of the left and right side of the button or pad
14d. When a finger touches the large ITO pad or button,
current is drawn from each of the sides. If the touch is
nearer the left side or edge of the pad, more current is
drawn from the left side or edge of the pad. The current
draw is inversely proportional to the distance from the
right or left edge (in other words, as the distance from the
left edge of the pad goes up, the current draw from the
left edge of the pad goes down). Therefore, as a finger
slides across the large button, the current draws from
each side change. For example, as the finger moves from
left to right in FIG. 1, the current draw from the left side
or edge of the pad decreases while the current draw from
the right side or edge of the pad increases. The current
draw from the two sides or edges is interpolated by the
controller to determine which direction the finger is
moving and from that the controller can determine in
which direction to scroll.

Optionally, a second method may use the “M” pattern (or
other suitable pattern or pad shapes, such as V-shaped
pads or the like, with each of the pads encompassing at
least a portion of two or more buttons) as shown in FIG.
2. For this type of configuration, the scrolling function
may optionally work over top of the strip of buttons. As
a finger moves across or along the line of discrete
M-shaped pads (such as, for example, left to right in
FIG. 2), it pulls current from the nearest pads. As the
finger moves, the pads that current is pulled from
changes. The controller can sense this change and inter-
polate the direction of the movement of the finger along
the strip of pads and from that it can determine in which
direction to scroll.

Optionally, and as discussed above, the touch sensor may
be manufactured as a flush mount configuration for a flush
mount application. For example, such a flush mount configu-
ration of the touch sensor may be manufactured or established
by the following methods:

Optionally, with the ITO on the back surface of the glass, a
black masking material 18 (FIG. 3) can be printed on the
front surface to cover the metal border of the backing
LCD and to cover the FPC connection on the back sur-
face of the glass.

Optionally, the black mask 18' (FIG. 4) may be printed on
the back surface of the glass prior to ITO deposition. The
patterned ITO may then be sputtered or otherwise estab-
lished over the black mask and the back surface of the
glass.

Thus, the touch sensor of the present invention may utilize
atransparent conductive coating (such as a coating or layer of
indium tin oxide (ITO) or the like) for a capacitive sensor that
incorporates some of the benefits of both an analog surface
capacitive sensor and a projected capacitive sensor. These
benefits include, for example, the following:

The transparency and optical characteristics of an ITO

surface capacitive sensor.

The manufacturability of a surface capacitive sensor.

The functionality of both a surface capacitive and a pro-
jected capacitive sensor.

The durability of a projected capacitive sensor.

Therefore, the present invention provides a touch sensor or
touch screen that includes discrete pads and traces established
at a surface of a substrate via a pattern layer or coating of a
transparent conductive material, such as ITO or the like, with
each ofthe discrete pads corresponding to a button or buttons
of a display screen disposed behind or at the substrate. The
touch sensor or system may control or actuate a button or
switch in response to detection of a user touching or
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approaching a portion of the substrate that corresponds to a
respective pad or pads at the touch sensor substrate. Option-
ally, the touch sensor may provide a scrolling function in
response to detection of a user’s finger moving along or
across one or more discrete pads at the touch sensor substrate.

Optionally, and with reference to FIGS. 5 and 6, a surface
capacitive touch sensor 110 includes a rigid or flexible sub-
strate 112 (such as a glass substrate or a plastic/polymeric
substrate or the like) laminated to a base glass substrate or
plastic substrate 113 (such as via a light transmitting laminat-
ing material 111, such as a light transmitting polyvinylbutyral
(PVB), alight transmitting silicone, a light transmitting adhe-
sive or the like, and such as via an autoclave process or a
vacuum assisted hot roll process or the like), with a transpar-
ent electrically conductive layer 114 (such as a coating or
layer of TCO or TAO or indium tin oxide (ITO) or the like)
disposed on a surface 113a of the base substrate 113. As
shown in FIG. 5, silver conductive pads or connection pads
120 are established (such as by screen printing or the like
followed by thermal firing) at the transparent conductive
layer 114 for connecting the leads or terminals of the flexible
cable or harness or FPC 116 to the conductive surface, such as
via an anisotropic conductive film (ACF) 117 or the like
disposed at and electrically joining the terminals of the FPC
and the silver connection pads. An opaque mask 118 (such as
a dark or black or substantially light absorbing masking mate-
rial, such as a dark colored ink, frit, paint, appliqué, thin film
orthelike)is disposed around a perimeter border region of the
underside or second surface 1124 of front cover sheet or
substrate 112 and generally over or at the regions at which the
connection pads 120 are disposed, such that the connection
pads 120 and the flexible connector or cable 116 are not
visible through the cover substrate 112 to a person viewing
the touch sensor 110. In the illustrated embodiment, the cover
substrate 112 is oversized compared to the undersized base
substrate 113 such that the cover substrate 112 provides an
overhang region 112¢ at least along the perimeter region or
regions of the touch sensor where such silver connector pads
or the like are disposed.

As shown in FIG. 6, the surface capacitive touch sensor 110
is incorporated in a display device 121 and is received at an
open end or portion of a frame or housing 122 that at least
partially encloses or encompasses a video display screen 124
(such as a backlit liquid crystal video display screen or the
like). The frame or housing 122 has a recess 122a established
at its forward surface (the surface viewable to a person view-
ing the video display screen and touch sensor) and around the
perimeter of the display screen. Frame or housing 122 may
comprise, for example, a plastic molding with recess 122a
established thereat, such as via injection molding or the like.
When the touch sensor 110 is disposed at or mounted to the
frame or housing 122, the overhang portion of the cover
substrate 112 is received at or in recess 122a, while the
undersized base glass 113 is received in the frame or housing
122 and is disposed in front of the display screen 124. As can
beseen in FIG. 6, the flexible cable 116 is disposed behind the
overhang portion and is bent around the perimeter edge of the
rear undersized substrate 113 and along the perimeter of the
display screen 124 and wraps around the display screen 124
for electrical connection at the rear of or behind the display
screen 124.

The recess 1224 at the frame or housing 122 may be modi-
fied or configured or conformed to nestedly receive the edge
of the overhang region 112¢ of the cover substrate 112
therein, thereby providing functional benefits, including at
least partially and preferably substantially hiding or occlud-
ing from direct view by an observer looking through the first



US 9,213,450 B2

7

outer surface of the cover substrate 112 the cut edges 1124 of
cover substrate 112. Also, for example, by nestedly receiving
the overhang perimeter regions of cover substrate 112 at the
recess 122qa of frame 122, the frame 122 substantially encom-
passes the cut edges 112d and may obviate the need for pencil
seaming of the cut edges so that any potentially sharp edges of
the cut edge of the cover substrate will be received in or
recessed in the frame portion or housing such that a person
handling the display device cannot or will not cut themselves
on the cut edges 1124 of cover substrate 112. Also, by nest-
edly receiving the overhang perimeter regions of cover sub-
strate 112 at the recess 122a of frame 122, the interface
between the overhang region 112¢ and frame 122 may form a
debris and/or moisture seal between the touch sensor 110 and
the display frame 122 to limit or substantially preclude water/
debris intrusion or contamination in the frame or housing
and/or between the cover substrate and base substrate and/or
between the touch sensor and the display screen. Optionally,
the frame or housing may have contoured edges and/or may
include user inputs or mechanical buttons and/or the like
established at the frame or housing, such as at the sides or rear
or front perimeter border region of the frame or housing.

Thus, the present invention provides a flush mountable
surface capacitive touch screen that may have its outer or first
surface (outer surface 112a of cover substrate 112) generally
flush with or coplanar with the outer surface of the display
frame or housing 122. The overhang region allows for the
flush mounting of the touch screen to the display frame, while
allowing for the flexible cable or connector to extend rear-
ward from the touch screen and along the display screen for
electrical connection at or near or rearward of the rear of the
display screen. The opaque perimeter coating 118 conceals or
renders covert the portion of the frame at which the overhang
portion of the cover substrate is received at, and conceals or
renders covert the electrical connector and connection pads at
and between the substrates 112, 113.

Thus, the opaque perimeter mask is deposited on an over-
sized piece of top glass and the flexible cable is routed around
the edge of the undersized base glass. The edge treatment
(such as seaming or the like) at the perimeter edges of the top
glass substrate is enhanced and made easier due to the nesting
of the perimeter edges of the cover substrate in the recess of
the frame or housing (whereby the cut edges of the cover
substrate need not be pencil seamed or the like). The flexible
cable or FPC wraps around the rear or base glass substrate and
around the display screen behind the masked overhang por-
tion of the cover substrate, such that the electrical connection
at the touch sensor and the flexible cable are not viewable
through the perimeter opaque border material by a person
viewing the touch sensor and display screen. The overhang
portion of the cover sheet or substrate is received in a recess
of the display frame or housing so that the touch sensor is
flush-mounted at the display frame, with the flexible cable or
FPC tucked behind the touch sensor and display screen and
not viewable by a person viewing the touch sensor and display
screen. Although shown and described as a surface capacitive
touch sensor, aspects of the touch sensor 110 may be suitable
for application to other types of touch sensors, such as other
capacitive touch sensors (such as projected capacitive sensors
or the like) and/or resistive touch sensors and/or the like.

Optionally, the perimeter border band or coating 118 of
touch sensor 110 may comprise any suitable coating or mate-
rial, depending on the particular application of the touch
sensor and display device and the desired appearance and/or
functions/features of the touch sensor and display device. For
example, the perimeter border band may comprise a chro-
mium oxide or “black chrome” (such as by utilizing aspects of
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the coatings described in U.S. provisional applications, Ser.
No. 61/186,204, filed Jun. 11, 2009; and/or Ser. No. 61/164,
593, filed Mar. 30, 2009, and/or U.S. Pat. No. 7,184,190
and/or U.S. Pat. No. 7,255,451, which are hereby incorpo-
rated herein by reference in their entireties), or the perimeter
border band may comprise a reflective material or band or the
like, such as, for example, a metallic mirror reflector such as
a thin film coating or stack of coatings of a metal, such as
chromium or ruthenium or the like. Optionally, the informa-
tion display device may include at the border region (such as
established at the perimeter border band), a logo (such as a
company name, trademark or brand mark, such as, for
example, “3M” or “ITOUCH” or the like) or an icon or
instructions (such as, for example, “this side up” or “touch
this side next™) or the like (such as to provide a desired
appearance or message at the frame or housing or display
screen, such as by utilizing aspects of the display devices
described in PCT Application No. PCT/US2004/015424,
filed May 18, 2004 by Donnelly Corporation et al. for MIR-
ROR ASSEMBLY FOR VEHICLE, and published on Dec. 2,
2004, as International Publication No. WO 2004/103772;
and/or U.S. patent application Ser. No. 11/912,576, filed Oct.
25, 2005, now U.S. Pat. No. 7,626,749; and/or Ser. No.
11/243,783, filed Oct. 5, 2005, and/or U.S. provisional appli-
cation Ser. No. 61/187,069, filed Jun. 15, 2009, which are all
hereby incorporated herein by reference in their entireties).

Such instructions preferably are keyed to or linked to what
may be appearing on the display screen at a given time. For
example, for a photo viewer application or function, a menu
or selection of potential folders may illuminate and/or be
visible (preferably in a display-on-demand manner) that are
associated with different folders or albums or menu paths that
may be associated with a particular photograph or item being
displayed. Optionally, and desirably, the perimeter border
band is itself touch sensitive or touch responsive (preferably
independent of the touch response or sensitivity of the main
touch area of the touch sensor) so that, for example, a finger
on the left hand of the user may be accessing a touch sensitive
area of the perimeter border band at the left most perimeter
region of the display area as being viewed by the user, while
substantially simultaneously or closely concurrently, a finger
on the right hand of the user may be making a selection at the
main touch area of the device.

Optionally, the perimeter border band may comprise a
partially light transmitting and partially light reflective band
or coating, such as a transflective display-on-demand reflec-
tive band or coating or a transflective display-on-demand
non-reflective band or coating. Optionally, the perimeter bor-
der band may have or may be disposed at an active display or
the like at a border region of the touch sensor (such as, for
example, a partially light transmitting display element dis-
posed over a plurality of illumination sources or an array of
illumination sources or the like, such as a plurality of light
emitting diodes (LEDs) or organic light emitting diodes
(OLEDs) or the like, disposed behind the partially light trans-
mitting perimeter border band or coating or element, such as
at or recessed in the housing or frame portion of the display
device at the recessed portion of the housing that receives the
overhang region of the cover sheet of the touch sensor).
Optionally, for example, the perimeter border band may be
etched (such as via laser etching or the like, such as by
utilizing aspects of the mirror assemblies disclosed in U.S.
Pat. No. 4,882,565, which is hereby incorporated herein by
reference in its entirety) so that when an illumination source
or LED or telltale is activated or illuminated or energized, the
illumination may pass through the etched icon or indicia or
the like and would be viewable by a person viewing the
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display device. Optionally, for example, the perimeter border
band may be partially transmissive of visible light there-
through, and an illumination source or sources (such as a
plurality of LEDs or OLEDs or the like) may be disposed
behind the perimeter border band whereby the illumination
sources and/or icons or indicia or the like disposed or estab-
lished at the illumination sources and behind the perimeter
border band may, when the illumination source or sources
is/are activated or energized, be viewable through the perim-
eter border band via the light emitted by the illumination
sources passing through the partially light transmissive
perimeter border band.

Optionally, for applications with such display and/or touch
features at the overhang region, the overhang region and/or
the perimeter border band and/or the frame or housing portion
may be formed or established to accommodate the desired
size and shape of the display and/or icons or indicia or the
like. For example, the perimeter border band may be locally
increased in size to cover or encompass the perimeter display
or touch elements or the like disposed at that region or portion
of the perimeter region of the touch sensor.

In addition to the use of standard ITO coatings, one or more
optical enhancing layers and/or mechanical or durability
enhancing layers and/or EMI coating can be added to the
surface of the substrate, such as to the front surface coating to
adjust the properties (such as the transmissivity properties
and/or appearance properties of the sensor) to meet certain
customer needs. Such enhancements may include index
matching of the layers with air or other media and/or alter-
nating high and low refractive index materials to create vari-
ous anti-reflective stacks (such as by utilizing aspects of the
reflective elements described in U.S. Pat. Nos. 7,274,501,
7,255,451 and/or 7,184,190, and/or U.S. patent application
Ser. No. 11/912,576, filed Oct. 25, 2007, now U.S. Pat. No.
7,626,749, which are hereby incorporated herein by reference
in their entireties). Optionally, other or alternate materials (to
ITO) can be used. For example, such materials may include a
flourine-doped tin oxide material or the like, a copper-alumi-
num material or the like, a zinc oxide or ZnO material or the
like, or other non-traditional TCOs if desired or appropriate.

Optionally, the touch screen or sensor may include a heater
element established at its rear surface, such as for heating the
touch screen or sensor to reduce or remove condensation on
oratthe touch sensor. For example, and with reference to FIG.
7, a capacitive touch screen device or sensor 210 includes a
substrate 212 (such as a plastic or glass substrate), with a
transparent conductive coating 214 established at its front
surface 212a and a transparent conductive coating 216 estab-
lished at its rear surface 2125. The front surface conductive
coating 214 has electrical connections or pads 218 for elec-
trically connecting control circuitry to the capacitive touch
sensor to determine the location of a touch or proximity at or
near the front surface of the touch screen, while the rear
surface conductive coating 216 may have electrical connec-
tions or pads 220 for electrically connecting a power source or
control circuitry to the rear surface conductive coating 220,
such as for generating a current across the rear surface con-
ductive coating 220 to heat the rear surface conductive coat-
ing. The touch screen or sensor 210 thus incorporates a heater
at a surface capacitive, projected capacitive, or discrete pad
capacitive touch screen construction.

A typical capacitive touch screen or sensor may include a
backshield established the rear surface of its substrate. How-
ever, a capacitive touch screen or sensor may be manufac-
tured with or without such a backshield. The backshield may
comprise a sputtered %2 wave indium tin oxide (ITO) film
(such as a film or layer or coating of around 1450 angstroms
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thick or more or less, depending on the particular application)
for the benefit of low resistivity and enhanced transmission.
Not all devices need a backshield as the electronic controller
can handle the shielding. If the shielding is not being utilized
on the touch screen or sensor, the conductive coating at the
rear surface of the substrate may be used for a heater.

Optionally, for example, a backshield conductive coating
or layer or element may be used as a heater application to
remove condensation on or at the touch screen or sensor. The
conductive coating or layer or element may comprise any
suitable conductive coating, such as a transparent conductive
coating comprising ITO or any other suitable transparent
metal oxide or the like. The heater coating electrical connec-
tion may incorporate connecting electrical leads or wires
directly to the rear surface conductive coating or layer or
element (or optionally to a rear surface silver frit, silver ink or
conductive tape established at the rear surface of the sub-
strate), such as at connecting pads (such as silver pads or other
suitable electrically conductive pads) or the like established at
the rear surface and in electrical conductivity with the rear
surface coating or layer or element.

The processes and/or finished touch sensors or touch
screen products of the present invention may utilize aspects of
the processes and/or products described in U.S. Pat. Nos.
4,490,227, 4,650,557, 4,655,811; 5,725,957; 6,001,486;
6,087,012; 6,440,491; 6,620,454; 6,627,918; 6,706,552,
6,488,981, 6,549,193, 6,727,895, 6,842,171, 6,787,240; and/
or 7,165,323; and/or U.S. patent application Ser. No. 09/946,
228, filed Sep. 5, 2001; Ser. No. 09/974,209, filed Oct. 10,
2001; Ser. No. 10/744,522, filed Dec. 23, 2003; Ser. No.
10/798,171, filed Mar. 11, 2004; Ser. No. 11/218,374, filed
Sep. 2, 2005, now U.S. Pat. No. 7,507,438; Ser. No. 11/440,
855, filed May 25, 2006; Ser. No. 12/430,323, filed Apr. 27,
2009; Ser. No. 12/513,960, filed May 7, 2009; and/or Ser. No.
12/537,620, filed Aug. 7, 2009, and/or U.S. provisional appli-
cation Ser. No. 61/151,977, filed Feb. 12, 2009, and/or PCT
Application No. PCT/US08/68987, filed Jul. 2, 2008, and/or
PCT Application No. PCT/US08/071034, filed Jul. 24, 2008,
which are all hereby incorporated herein by reference in their
entireties.

The display device or screen may comprise any suitable
display device or screen or module, such as a liquid crystal
display device or the like. Optionally, for example, the display
device may utilize aspects of the display devices described in
U.S. Pat. Nos. 7,004,592; 5,530,240; 6,329,925; 6,690,268;
5,668,663; 5,724,187; 7,195,381; 7,255,451; 7,274,501,
7,446,650; 7,184,190; and/or 7,370,983, and/or U.S. patent
application Ser. No. 12/091,525, filed Apr. 25, 2008; Ser. No.
10/538,724, filed Jun. 13, 2005; and/or Ser. No. 11/912,576,
filed Oct. 25,2007, now U.S. Pat. No. 7,626,749, which are all
hereby incorporated herein by reference in their entireties.

Changes and modifications in the specifically described
embodiments may be carried out without departing from the
principles of the present invention, which is intended to be
limited only by the scope of the appended claims as inter-
preted according to the principles of patent law.

The invention claimed is:

1. A touch sensor comprising:

a substrate having a first surface and a second surface

opposite the first surface;

a transparent conductive layer disposed on the second sur-
face of the substrate, wherein the transparent conductive
layer is disposed in a pattern so that the transparent
conductive layer comprises a plurality of discrete con-
ductive pads, the discrete conductive pads substantially
overlay the entire substrate and are conductively con-
nected to at least one connecting region of the substrate
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via respective conductive traces, and wherein the plural-
ity of discrete conductive pads are formed at a first touch
area and a second touch area, wherein the first touch area
is formed on sides of the second touch area, and the size
of'said discrete conductive pads at the first touch area is
substantially different from the size of said pads at the
second touch area, and wherein the second touch area
comprises only one first pad of the pads and the first
touch area comprises a plurality of second pads of the
pads, and wherein the second pads are arranged on sides
of'the first pad; and

wherein the discrete conductive pads at the first touch area

are associated with respective buttons of a display device
disposed at the substrate, such that the user touches or
approaches the substrate and pads at the first touch area
in response to the displayed buttons as viewed by the
user through the pads and substrate.

2. The touch sensor of claim 1, wherein the size of the first
pad is larger than each of the second pads, and wherein the
second pads are arranged in an L-shaped pattern on two
adjacent sides of the first pad.

3. The touch sensor of claim 1, wherein when a finger slides
across the first pad, electric current draw from sides of the first
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pad is interpolated by a controller to determine which direc-
tion the finger is moving and from so that the controller
determines in which direction to scroll.

4. The touch sensor of claim 1, further comprising an
external electrical connector disposed on the second surface
of the substrate, wherein the external electrical connector is
located a perimeter area of the substrate, and wherein the
display device is located on the second surface of the sub-
strate.

5. The touch sensor of claim 4, further comprising a mask-
ing layer formed on the first surface of the substrate, wherein
the masking layer covers the external electrical connector and
a border region of the display device.

6. The touch sensor of claim 1, further comprising a mask-
ing layer and an external electrical connector formed on the
second surface of the substrate, wherein a section of the
transparent conductive layer is formed on the masking layer
in a perimeter area of the substrate, and the external electrical
connector is connected to the section of the transparent con-
ductive layer.



